Alfalfa (Medicago sativa L.) is one of the most important forage legumes in the world. It has been demanded to establish the efficient transformation system in commercial varieties of alfalfa for forage molecular breeding and production of varieties possessing new characteristics. To approach this, genetic transformation techniques have been developed and modified. This work was performed to establish conditions for effective transformation of commercial alfalfa cultivars, Xinjiang Daye, ABT405, Vernal, Wintergreen and Alfagraze. GUS gene was used as a transgene and cotyledon and hypocotyl as a source of explants. Transformation efficiencies differed from 0 to 7.9% among alfalfa cultivars. Highest transformation efficiencies were observed in the cultivar Xinjiang Daye. The integration and expression of the transgenes in the transformed alfalfa plants was confirmed by polymerase chain reaction (PCR) and histochemical GUS assay. These data demonstrate highly efficient Agrobacterium transformation of diverse alfalfa cultivars Xinjiang Daye, which enables routine production of transgenic alfalfa plants.
Ⅰ. INTRODUCTION
Alfalfa (Medicago sativa L.) is one of the most important forage legumes in the world (Kechang et al., 2009) . It has the highest yield potential and feeding values and plays an important role in livestock industry (Hill et al., 1991) . It is also a high quality forage crop and an important source of biological nitrogen fixation. Deak et al. (1986) first described that transgenic alfalfa plants were generated using Agrobacteriummediated gene transfer technique and there have been a few reports of stably transformed conifers using this technique (Ding et al., 2003; Chabaud, 2003; Rosellini et al., 2007) .
Plant transformation using Agrobacterium tumefaciens is advantageous due to single copy DNA insertion compared to particle bombardment transformation (Vain and Thole, 2009 ). Herbicide-resistant transgenic alfalfa is cultivated in more than 200,000 hectares in USA (James, 2011) and also there are several reports concerning the introduction of new traits to improve abiotic stresses such as salinity (Yan et al., 2012; Zhang et al., 2012) , drought (Jiang et al., 2009 ) and heavy metal contamination (Zhang and Liu, 2011) . To improve its genetic traits, it is necessary to optimize regeneration protocol in order to increase regeneration frequency and then to improve transformation efficiency of alfalfa for further study of molecular biological functions.
Plant regeneration under in vitro conditions are affected by several different parameters such as selection of the genotype, concentration of phytohormones, bacterial strain, laboratory conditions, and the growth response of the explant to the regeneration medium. In addition, explant types could influence transformation efficiency (Bregitzer, 1992) . The objective of this research was to develop a regeneration system for the selected cultivars and to optimize the conditions for transformation that could be effectively used for genetic improvement of alfalfa. (Table 1) to the optical density at 600 nm reaches 0.6-0.8.
Ⅱ. MATERIALS AND METHODS

Explant source of alfalfa cultivars
Plant transformation and regeneration
For transformation of selected cultivars, fully developed hypocotyl segments and cotyledonary explants from 7 days old seedlings were used as explants. Hypocotyls 1~3 mm explants were carefully excised from the seedlings without including any of the meristematic axillary buds and the cotyledonary were excised. The hypocotyl and cotyledonary segments were gently shaken in the bacterial suspension for about 30 min and blotted dry on a sterile filter paper. The hypocotyl and cotyledonary segments were transferred to the solid CCM medium (Table 1) . Following 5 days of cocultivation, hypocotyl and cotyledonary segments transferred onto shoot induction SIM medium containing 250 mg/L carbenicillin and 15 mg/L hygromycin, and then, subcultured into a fresh SIM medium every 3 weeks. The green healthy shoots from the embryos were subjected to 2~3 more passages of selection by repeated excision of buds and their exposure to selective shoot elongation medium (SEM). Green healthy shoots were excised and transferred to shoot elongation SEM medium and developed shoots were transferred to root induction RM medium (Table 1) .
Rooted plants transferred to the soil 3~4 weeks later. Callus induction and regeneration ratios of different genotypes and explants were calculated.
Polymerase chain reaction (PCR) analysis of putative transgenics
Total genomic DNA was isolated from young leaves of Table 1 . Composition of the media used for alfalfa transformation
Step for the presence of transgenes in putative transformants using primer pairs that amplify each GUS and HPT transgenes. Optimized PCR conditions were performed according to Lee et al. (2009; . PCR products were separated by gel electrophoresis on 1.2% agarose gels, stained with ethidium bromide and visualized with a UV transilluminator.
Histochemical staining of β-glucuronidase (GUS) activity
Histochemical staining of the shoots was performed according to the method of Jefferson et al. (1987) .
Hygromycin-resistant plants were incubated in 5-bromo-4-chloro-3-indolyl glucuronide (X-Gluc) at 37℃ for overnight.
Non-transgenic regenerated shoots were used as negative controls. After staining, the samples were washed with 70%
ethanol for 2~3 days to remove plant pigments. The ethanol bleach mixture was replaced three or four times then washed with double distilled H2O.
Ⅲ. RESULTS AND DISCUSSION
Selection of an explant type for the regeneration of alfalfa cultivars
In the preliminary experiments, the in vitro regeneration potential of selected cultivars was tested in two types of plant tissue such as hypocotyl and cotyledonary segments.
Developing an efficient regeneration system of alfalfa by
Agrobacterium-mediated transformation were evaluated by the percent of regenerated callus from hypocotyl and cotyledonary explants. Explants from hypocotyl resulted in high regeneration into calli compared to those from the cotyledonary explants (Table 2 ). Regeneration efficiency of cotyledons ranged from 0% (cv. Alfalgraze) to 9.3% (cv.
Vernal) and hypocotyls from 2.2% (cv. Alfalgraze) to 18.5 % (cv. Xinjiang Daye). Also For all genotypes, callus inductions from hypocotyls were faster than cotyledons.
Results are summarized in Table 2 . It is well known that regeneration efficiency is an essential requirement for transformation efficiency.
Efficiency of Agrobacterium-mediated transformation
In this study, we evaluated transformation potential of the 
Analysis of transgenic alflalfa plants
There were no morphological differences between control and putative transgenic plants. The genomic DNA from the leaves of 2-month-old putative transgenic plants were extracted and amplified with specific primers for the GUS and HPT genes. For PCR analysis, DNA was extracted from hygromycin resistant shoots expressing GUS signal.
The amplified fragments by PCR were expected size 0. (Fig. 3A) . 
Ⅳ. CONCLUSION
Agrobacterium tumefaciens-mediated transformation is generally used for genetic transformation for higher plants. 
